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The AFP system incorporates position and timing detectors into
specialized movable beam pipe sections upstream and downstream
from ATLAS, and along with the LHC magnets forms a high resolution
momentum spectrometer, enhancing the physics capabilities of ATLAS.
This timing detector would have unprecedented accuracy on the 10 ps
scale, providing rejection against the combinatoric background arising
from the overlap of several proton-proton collisions in the same bunch

crossing.

ry MCP-PMT

The Picosecond Test Facility
(Laser Simulation of Cerenkov Radiation)

MCP-PMT LIFETIME ISSUES

»THE MAJOR ISSUE WITH MCP-
PMT’S IS THE LIMITED LIFETIME
(LOSS OF QUANTUM
EFFICIENCY — QE) ATTRIBUTED
TO POSITIVE IONS DAMAGING
THE PHOTOCATHODE. THE
EFFECT IS BELIEVED TO BE
PROPORTIONAL TO EXTRACTED
CHARGE (HENCE ALSO THE
CURRENT).

>FOR AN LHC YEAR OF 107
SEC WITH <I>=2 uA/cM?
Q=20 C/cM2/YR I THIS IS
AABOUT 40X LONGER THAN THE
TYPICAL MCP-PMT LIFETIME

> AN OPTIMIZED DETECTOR
CAN REDUCE THIS FACTOR TO
~20. WE DEVELOPED AN R&D
PLAN TO SUPPRESS CREATION
OF POSITIVE IONS
(ARRADIANCE INC., UTA, WITH
PHOTONIS, FUNDED BY NSF
SBIR)

> CURRENTLY TESTING NEW
PMT’S WITH PROTOTYPE
MICRO-CHANNEL PLATES
COATED BY ARRADIANCE,
DESIGNED TO INCREASE THE
ELECTRON SHOWER. THIS
ALLOWS US TO RUN AT A
LOWER GAIN, INCREASING THE
LIFETIME OF THE PMT.

> USE A RED LASER (632 NM) TO DAMAGE SELECTED
PIXELS OF A STANDARD AND MODIFIED MCP-PMT
(LOSS IN QE IS EXPECTED FIRST AT HIGH A)

> CONTINUOUSLY MONITOR PULSE HEIGHT AND

NUMBER OF PE’S USING AUTOMATED SCOPE SCRIPTS.

> WHEN A CHANGE IS OBSERVED, CAN TOGGLE A
MIRROR TO STROBE TUBE WITH BLUE LASER.

> ALLOWS MULTIPLE LIFETIME TESTS WITH ONE TUBE

IDEAL LONG LIFE MCP-PMT CHARACTERISTICS
> SUPPRESSED POSITIVE ION CREATION (NSF SBIR)
> ION BARRIER KEEPS POSITIVE IONS FROM REACHING
PHOTOCATHODE (OLD IDEA, BUT RECENTLY IMPROVED
THROUGH NAGOYA, HAMAMATSU COLLABORATION)
> USE PHOTEK SOLAR BLIND PHOTOCATHODE OR
SIMILAR (RESPONDS ONLY TO LOWER WAVELENGTH/
MORE ROBUST)
> LOW RESISTANCE GLASS OR COATING ALLOWS FOR
HIGH RATE WITH PORE SIZE AS SMALL AS POSSIBLE 6
70 10 um)
> INCREASE ANODE VOLTAGE TO REDUCE CROSSTALK
200V T0 500V (UTA STUDIES)
> RUN AT LOW GAIN (< 105 INSTEAD OF 106 AND THEN
AMPLIFY) REDUCES INTEGRATED CHARGE (UTA
STUDIES)
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Detector Layout

MAGNETS

PROTONS FROM
COLLISIONS IN
ATLAS LOSE
MOMENTUM AND
ARE DEFLECTED
BY MAGNETS
INTO THE AFP
DETECTORS.
BEAM PATH 2

SAME
CONFIGURATION
MIRRORED

QUARTIC (QUARtz Timing Counter)
4x8 Array of 5x5mm quartz
(Fuzed Silica) Bars
Uses Cerenkov radiation with
microchannel plate PMT
8 independent 30ps
measurements would give ~10ps
resolution overall

Results from Dec-2011 Test beam at MTest

* We tested a 6 bar QUARTIC detector
* Used a Silicon PM with a high number of PE
as the trigger

8 channel Alberta
x10 Amplifier cards

6909
221 ndf 86.389/25
Constant 47558792
Mean 2644402893
Sigma  22291:0273

6 Bar Quartic Detector

We observe some optical/
electrical crosstalk which
correlates the measurements from
each bar. The next design will
separate the bars, hopefully
reducing the correlation in each
measurement.
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Our plot of the SiPM-6 bar quartic average has roughly a
35% improvement over any single measurement.

Outlook
+The AFP system has been approved to be installed during the 2014 LHC shutdown.
<+ Currently performing lifetime tests to help improve the PMT lifetime.
4+ Will conduct a test beam in October at CERN in order to help optimize our detector design.




